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Abstract: Raman spectroscopy complimented with supplementary infrared 
spectroscopy has been used to characterise the vibrational spectrum of aurichalcite a 
zinc/copper hydroxy carbonate, (Zn,Cu2+)5(CO3)2(OH)6. XRD patterns of all 
specimans show high orientation and indicate the presence of some impurities such as 
rosasite and hydrozincite.  However, the diffraction patterns for all samples are well 
correlated to the standard reference patterns.   SEM images show highly crystalline 
and ordered structures in the form of micron long fibres and plates.  EDAX analyses 
indicate variations in chemical composition of Cu/Zn ratios ranging from 1/1.06 to 
1/2.87.  The symmetry of the carbonate anion in aurichalcite is Cs and is composition 
dependent. This symmetry reduction results in multiple bands in both the symmetric 
stretching and bending regions. The intense band at 1072 cm-1 is assigned to the ν1 
(CO3)2- symmetric stretching mode. Three Raman bands assigned to the ν3 (CO3)2- 
antisymmetric stretching modes are observed for aurichalcite at 1506, 1485 and 1337 
cm-1. Multiple Raman bands are observed in 800 to 850 cm-1 and 720 to 750 cm-1 
regions and are attributed to ν2 and ν4 bending modes confirming the reduction of the 
carboante anion symmetry in the aurichalcite structure. An intense Raman band at 
1060 cm-1 is attributed to the δ OH deformation mode.  
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Introduction 
 
The mineral aurichalcite (Zn,Cu2+)5(CO3)2(OH)6 is one of a large number of 
highly coloured copper bearing minerals [1-3]. Aurichalcite forms in the oxidation 
zones of zinc-copper deposits. Crystals are acicular and fibrous and often found in 
aggregates. The color is an attractive grass green to pale blue-green. Aurichalcite will 
often partially cover red limonite and be associated with such colorful minerals as 
rosasite, azurite, smithsonite and malachite. Aurichalcite may be confused with 
rosasite minerals because of their similar appearance. Rosasite minerals including 
glaukosphaerite; kolwezite; mcguinnessite are usually more massive and not lamellar. 
Other related hydroxy carbonates are nullaginite and pokrovskite.  It appears that 
aurichalcite is similar to hydrozincite and both minerals are formed under the same 
conditions when copper is present in the solution [4]. Williams further states that up 
to one quarter of the cation sites are occupied by Cu2+. Greater concentrations of 
copper give rise to other discrete phases such as malachite and rosasite. Interestingly 
the range of substitution of other transition metal ions in the hydrozincite lattice is 
very limited. The minerals in the hydroxy carbonate group have been synthesised 
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because of their potential as catalysts [2]. Further studies of synthetic hydroxy 
carbonates incorporated Al3+ into the structures [5]. The mineral is monoclinic as are 
many of the other hydroxy carbonates such as malachite.  Anthony et al. (2003) 
reports aurichalcite to be acicular to lathlike crystals with prominent crystal growth 
along the [010] axis, commonly straited parallel to [001] axis. The mineral is of point 
group 2/m and space group P21/m [6].   The model for the structure of aurichalcite 
based upon the crystallographic studies of this mineral using syncrotron radiation by 
Harding et al. (2004) is shown in Fig. 1.  Based on this structure the symmetry of the 
carbonate anion is Cs. The accurate X-ray crystallography of aurichalcite is difficult to 
obtain because of its very small interwoven needles which makes obtaing single 
crystal studies difficult [3, 6-8].  Harding (1994) showed the positions in the structure 
of aurichalcite are octahedrally coordinated. The atom positions occupied by zinc 
have tetrahedral coordination [8].   
 
Spectroscopic studies of aurichalcites and related minerals have been sparse. 
Reports regarding the chemical analysis, ESR, electronic and some limited infrared 
spectroscopic studies have been published [9].  These workers reported optical spectra 
revealing the presence of copper in D4h symmetry with crystal field (Dq) and 
tetragonal field (Ds and Dt).  This research was further extended in a comparison of 
rosasite and aurichalcite [10].  Optical and EPR spectra of aurichalcite accounted for 
Cu2+ ion in the distorted octahedron site [10].  Stoilova et al. (2002) reported the 
infrared spectra of a series of synthetic hydroxy carbonates containing Cu2+.   
 
Raman spectroscopy has proven very useful for the study of minerals [11-13]. 
Indeed Raman spectroscopy has proven most useful for the study of diagentically 
related minerals as often occurs with carbonate minerals [14-18].  Some previous 
studies have been undertaken by the authors using Raman spectroscopy to study 
complex secondary minerals formed by crystallisation from concentrated sulphate 
solutions [19].  The authors have undertaken some comprehenisve studies of selected 
carbonate minerals [20-24].  The importance of this work rests with the application of 
Raman spectroscopy to the study of minerals and inorganic compounds which show 
no or limited symmetry. As part of our comprehensive research on the molecular 
structure of secondary minerals, we report the Raman spectroscopic study 
complemented by X-ray diffraction and electron microscopy of selected aurichalcites 
from different origins.  
 
 
Experimental 
 
Mineral samples 
 
Selected minerals were obtained from the Mineralogical Research Company 
and other sources including Museum Victoria, Victoria, Australia.  The samples were 
phase analysed by X-ray diffraction and for chemical composition by EDX 
measurements.  
 
X-ray Diffraction 
 
 X-Ray diffraction patterns were collected using a Philips X'pert wide angle X-
Ray diffractometer, operating in step scan mode, with Cu Kα radiation (1.54052 Å). 
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Patterns were collected in the range 5 to 90 ° 2θ with a step size of 0.02° and a rate of 
41.75 s per step. Samples were prepared as powders and pressed into a depression 
quartz low background plate. 
 
SEM and EDX 
 
 Mineral samples were coated with a thin layer of evaporated carbon and 
secondary electron images were obtained using an scanning electron microscope (FEI 
Quanta 200 SEM, FEI Company, Hillsboro, Oregon, USA). For X-ray microanalysis 
(EDX), three samples were embedded in Araldite resin and polished with diamond 
paste on Lamplan 450 polishing cloth using water as a lubricant. The samples were 
coated with a thin layer of evaporated carbon for conduction and examined in a JEOL 
840A analytical SEM (JEOL Ltd, Tokyo, Japan) at 25kV accelerating voltage. 
Preliminary analyses of the carbonate mineral samples were carried out on the FEI 
Quanta SEM using an EDAX X-ray microanalyser, and microanalyses of the clusters 
of fine crystals were carried out using a full standards quantitative procedure on the 
JEOL 840 SEM using a JEOL-2300 energy-dispersive X-ray microanalysis system 
(JEOL Ltd, Tokyo, Japan). Oxygen was not measured directly but was calculated 
using assumed stoichiometry to the other elements analysed. 
 
 
Raman microprobe spectroscopy 
 
The crystals of aurichalcite were placed and oriented on the stage of an 
Olympus BHSM microscope, equipped with 10x and 50x objectives and part of a 
Renishaw 1000 Raman microscope system, which also includes a monochromator, a 
filter system and a Charge Coupled Device (CCD). Raman spectra were excited by a 
HeNe laser (633 nm) at a resolution of 2 cm-1 in the range between 100 and 4000  
cm-1.  Repeated acquisition using the highest magnification was accumulated to 
improve the signal to noise ratio. Spectra were calibrated using the 520.5 cm-1 line of 
a silicon wafer. In order to ensure that the correct spectra are obtained, the incident 
excitation radiation was scrambled.    Details of the technique have been published by 
the authors. 
Mid-IR spectroscopy 
Infrared spectra were obtained using a Nicolet Nexus 870 FTIR spectrometer with a 
smart endurance single bounce diamond ATR cell. Spectra over the 4000−525 cm-1 
range were obtained by the co-addition of 128 scans with a resolution of 4 cm-1 and a 
mirror velocity of 0.6329 cm/s. Spectra were co-added to improve the signal to noise 
ratio. 
      Spectral manipulation such as baseline adjustment, smoothing and normalisation 
were performed using the Spectracalc software package GRAMS (Galactic Industries 
Corporation, NH, USA). Band component analysis was undertaken using the Jandel 
Scientific ‘Peakfit’ software package which enabled the type of fitting function to be 
selected and allows specific parameters to be fixed or varied accordingly. Band fitting 
was done using a Lorentz-Gauss cross-product function with the minimum number of 
component bands used for the fitting process. The Gauss-Lorentz ratio was 
maintained at values greater than 0.7 and fitting was undertaken until reproducible 
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results were obtained with squared correlations of r2 greater than 0.995. The reason 
for using this type of mathematical function is that this function best fits vibrational 
spectroscopic data where the central peak is Lorentzian and the wings of the peak are 
Gaussian.  It should be noted that where sharp bands are obtained in the Raman 
spectra fitting is unique. If one starts with different starting parameters, then the fit 
will converge to a unique result. When bands are broad the uniqueness of the fit is 
open to question. Band fitting offers a procedure to determine the exact position of 
bands.  
 
Results and discussion 
 
X-ray diffraction 
 
 The X-ray diffraction patterns of the three mineral samples together with 
likely impurities are shown in Fig. 2.  The XRD patterns of the samples from Durango 
and Chihuahua are highly oriented (ref. Pattern 17-0743). The XRD patterns match 
that of the standard reference pattern  The aurichalcite from Arizona does show some 
impurities of rosasite (ref. Pattern 36-1475).  To make an XRD pattern all material on 
the surface of the host rock is scraped off for analysis, so it is not unexpected that the 
XRD patterns will show some impurity.  In terms of both Raman spectroscopy and 
SEM analysis a group of crystals or even a single crystal may be collected for 
spectroscopic analysis. 
 
SEM and EDX 
 
 The SEM pictures of the three aurichalcite minerals studied in this work are 
shown in Figures 3a (Durango) , 3b (Chihuahua) and 3c (Arizona).  The aurichalcite 
minerals appear to exist in two different forms (a) acicular as for Durango and (b) 
lath-like as is illustrated by the SEM images of the Chihuahua and Arizona samples. 
Often the acicular crystals appear to radiate from one centre. This suggests crystal 
growth from solution occurs from one nucleation point. The crystals are directed 
along [010] and appear often to have wedge like terminations. The crystals are quite 
large and may be several microns long.  Crystals are acicular or fibrous and found in 
tufted aggregates.  The crystal forms enable the mineral to be distinguished from other 
copper-zinc hydroxycarbonates such as malachite. 
 
EDX measurements for the Durango aurichalcite show a Cu/Zn ratio of 
1/1.06; for the Chihuahua sample the Cu/Zn ratio is 1/1.85; and for the Arizona 
sample is 1:/2.87. It is proposed that the morphology of the aurichalcite mineral is 
controlled by the Cu/Zn ratio. When the ratio is close to 1, the acicular morphology is 
obtained. If the Cu/Zn ratio is clsoe to 2 or even 3, then the lath-like crystals are 
obtained. 
 
 
Raman Spectroscopy 
 
Only a very limited number of Raman studies have been reported on the 
carbonate anion in hydrozincite type minerals [1, 25, 26].  When the carbonate species 
is present as a free ion not involved in any bonding it will exhibit a space group of 
D3h. In the Raman spectrum one will observe ν1(A’1), ν3(E’) and ν4(E’).  As a result 
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three bands, the bending non-planar mode ν2(A”2), the anti-symmetrical stretching 
mode ν3(E’) and the bending angular mode ν4(E’), will be observed in the infrared 
spectrum around 880, 1415 and 680 cm-1, while the symmetric stretching mode 
ν1(A’1) is infrared inactive. However, changes can be expected when the carbonate 
ion is bonded in a mineral structure as it will be affected by interactions with water 
molecules and OH-groups.  In comparison with free CO32- a shift towards lower 
wavenumbers is generally observed for the carbonate anion in minerals. Interaction 
between interlayer water molecules and the carbonate ion is reflected by the presence 
of bands in the OH-stretching region of the infrared spectrum around 3000-3100 cm-1.  
The shift towards lower wavenumbers indicates a loss of freedom compared to free 
CO32- and as a consequence a lowering of the carbonate symmetry from D3h to 
probably C2s or Cv. 
 
Raman Spectroscopy 
 
 The Raman spectra of aurichalcite in the 650 to 1700 cm-1 region are shown in 
Fig. 4.  The results of the band component analysis of the Raman spectra are reported 
in Table 1.   Two intense Raman bands are observed at 1072 and 1060 cm-1. Some 
variation in the peak position is observed for different mineral samples especially for 
the second peak at around 1060 cm-1. The first band at 1072 cm-1 is assigned to the ν1 
symmetric stretching mode of the carbonate unit and the intense Raman band at 
~1060 cm-1 is assigned to the Raman activated δ OH deformation mode.   Little 
information on the Raman spectra of aurichalcite is available. Bouchard and Smith 
(2003) published a Raman spectrum of an aurichalcite of unknown origin with an 
intense peak observed at 1074 cm-1. An additional band is observed for the 
aurichalcite from Durango, Mexico. It is likely that this band is due variations in the 
chemical composition of the mineral.  It is noted that the Cu/Zn ratio for the Durango 
aurichalcite is 1/1. In the infrared spectrum low intensity band is observed at around 
1084 cm-1 (Fig. 6) as a shoulder on a infrared spectral profile which is dominated by 
bands at around 1032 cm-1 attributed to the δ OH deformation mode.   Raman spectra 
of aurichalcite should be similar to that of the other hydroxy carbonates such as the 
rosasite mineral group (Frost published Journal of raman spectroscopy). For rosasite 
two intense Raman bands were observed at 1096 and 1056 cm-1.  In the infrared 
spectrum of Arizona aurichalcite two intense bands are observed at 1084 and 1029 
cm-1 with an additional band at 924 cm-1 (Fig. 6). The first band at 1084 cm-1 is 
assigned to the ν1 symmetric stretching mode of the carbonate unit.   
 
Bands have been observed in the infrared spectra of malachite at 1095 cm-1 
and for azurite 1090 cm-1 [30, 31].  The infrared spectrum of hydrocerrusite showed 
an intense band at 1090 cm-1 [32]. Interestingly the (CO3)2- ν1 band of the aurichalcite 
mineral should not be infrared active. However because of symmetry reduction of the 
carbonate anion the band becomes activated. The intense Raman band observed at 
1096 cm-1 for rosasite is assigned to the ν1 (CO3)2- symmetric stretching vibration. 
The intense Raman band at 1029 cm-1 is assigned to the δ OH deformation mode.   
 
A number of low intensity bands are observed in the 1300 to 1500 cm-1 region 
(Fig. 4). These bands may be ascribed to the ν3 (CO3)2- antisymmetric stretching 
modes.  Three bands are observed for the Durango aurichalcite at 1506, 1485 and 
1337 cm-1. Additional low intensity bands are observed at 1683, 1382 and 1170 cm-1.  
Bands are observed at 1504, 1485 and 1340 cm-1 for the Arizona aurichalcite. For the 
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Chihauhau aurichalcite bands in this region are observed at 1683, 1511, 1485, 1335 
and 1165 cm-1. The number of bands in this spectral region is attributed to the lack of 
symmetry of the carbonate anion in the aurichalcite structure. In the spectrum 
reported by Bouchard and Smith (2003) two bands were reported at 1511 and 1479 
cm-1. Their spectra showed low signal to noise ratio and any low intensity bands 
would not be observed. Infrared spectra show multiple bands in the 1200 to 1600 cm-1 
region (Fig. 5). For the Durango aurichalcite infrared bands are observed at 1563, 
1503 1471, 1406 1353 and 1308 cm-1. A similar pattern is observed for the Chihauhau 
aurichalcite with bands observed at 1567, 1503, 1477, 1406, 1343 and 1304 cm-1. 
These bands are attributed to the infrared active ν3 (CO3)2- antisymmetric stretching 
vibrations.  
 
The bands for the Arizona aurichalcite appear to be shifted to higher 
wavenumbers. The band at 1633 cm-1 is attributed to water bending modes.  The band 
is not observed for the other aurichalcite minerals.  The question arises as to whether 
water is bonded in the structure of the aurichalcite replacing some of the OH units. 
The infrared spectral patterns are similar for all three minerals. The complexity of the 
infrared spectra in this spectral region may be attributed to the combination of spectra 
from two different carbonate units. The 1557 cm-1 band may be associated with the 
1412 cm-1 band. The second band at 1509 cm-1 is likely to be associated with bands at 
1366 and 1361 cm-1. 
 
Comparison with the spectra of other hydroxycarbonates 
 
A comparison may be made with the spectra of other hydroxy-carbonate 
minerals. For rosasite [(Cu,Zn)2(CO3)(OH)2]  [33-35] Raman bands for the 298 
K spectrum are observed at 1516, 1493, 1458 and 1364 cm-1. The Raman spectrum of 
malachite in this spectral region displays bands at 1516, 1493 and 1363 cm-1.  The 
band positions for rosasite and related minerals strongly resemble that of malachite. 
These results indicate two concepts (a) the identification of more than one carbonate 
anion in the structure as implied from the symmetric stretching vibrations and (b)the 
crystal structure the reduction of symmetry of the carbonate anion [8]. These two 
factors combine to give mutiple bands in this spectral region. Spectra may be 
compared with that of the other rosasite minerals: The Raman spectrum of kolwezite 
[(Cu,Co)2(CO3)(OH)2]  [36] in ν3 (CO3)2- antisymmetric stretching region shows 
bands at 1515, 1495, 1456, 1426 and 1363  
cm-1. The Raman spectrum of glaukosphaerite [(Cu,Ni)2(CO3)(OH)2]  [37-39] showed 
four bands at 1522, 1496, 1460 and 1367 cm-1.  For the mineral nullaginite 
[(Ni)2(CO3)(OH)2]  [40-42]  the Raman spectrum of the 1300 to 1500 cm-1 region 
showed an intense sharp band at 1426 cm-1 (with band width 15.0 cm-1) with an 
additional higher wavenumber component at 1441 cm-1.  Although these bands are in 
different positions to that of rosasite the bands are attributed to the ν3 (CO3)2- 
antisymmetric stretching vibrations.  
  
 The bands for aurichalcite are shown in Fig. 4.  The ν2 bending modes for 
carbonates vary from around 890 cm-1 to 850 cm-1. A single band is observed for the 
Durango aurichalcite at 855 cm-1 assigned to the ν2 bending mode. The band is 
observed at 860 cm-1 for the Arizona aurichalcite and 849 cm-1 for the Chihuahua 
aurichalcite. It is probable that more than one band is observed in this region; 
however the intensity of the band is so low, it makes band fitting difficult. In the 
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Raman spectra of the rosasite group of minerals in the 850 to 800 cm-1 region only 
very low intensity bands are also observed. The observation of more than one ν2 mode 
suggests symmetry reduction of the carbonate anion in the structure.  For the Durango 
spectrum two Raman bands may be resolved at 860 and 845 cm-1.  Multiple bands are 
observed for the carbonate ν4 in phase bending modes in the Raman spectrum of 
aurichalcite. For the Durango aurichalcite three bands are observed at 752, 733 and 
708 cm-1; for the Arizona aurichalcite 748, 737 and 710 cm-1; and for the Chihuahua 
aurichalcite 753, 733 and 711 cm-1. These bands are ascribed to the ν4 bending modes.  
For azurite two bands are observed 834 and 765 cm-1 and are attributed to the ν2 out of 
phase and ν4 in phase bending modes of carbonate in azurite [30]. A component band 
is observed at 739 cm-1 and is also assigned to the ν4 mode. The number of bands 
observed in this spectral region may be attributed to the structural distortion of the 
mineral. Only a single band at 817 cm-1 is observed in this region for malachite.  The 
FTIR spectrum of malachite showed two bands at 879 and 821 cm-1 [30].  This FTIR 
spectral region is more complex for azurite with bands observed at 872, 837, 815 and 
796 cm-1.  This complexity is again ascribed to the loss of degeneracy.  The 
equivalent Raman bands for malachite are observed at 752 and 717 cm-1.  In the 
infrared spectra bands are observed at 779, 754 and 701 cm-1 for azurite and at 780, 
750 and 715 cm-1 for malachite [30].   
 
The Raman spectra of the low wavenumber region are reported in Fig. 7.  It is 
expected that bands in this region are associated with CuO and ZnO stretching and 
bending vibrations. Strong bands are observed at around 498, 460 and 390 cm-1. In the 
structure as shown in Figure 1, there are three structurally distinct MO stretching 
vibrations. The M3 site is a solely Zn site. The M1, M2 and M4 sites are shared 
randomly between Cu and Zn [43]. The above bands are associated with these CuO 
and ZnO stretching modes.  Bouchard and Smith (2003) reported Raman bands at 
503, 463, and 389 cm-1 which are in agreement with the band positions reported here; 
however no assignments were offered. The number of bands observed in this spectral 
region may be attributed to the structural distortion of the mineral. Two intense bands 
are observed at around 166 and 142 cm-1. These bands are assigned to the OCuO and 
OZnO bending vibrations.  
 
Raman spectroscopy of the hydroxyl stretching region 
 
 The Raman spectra of the OH stretching region of the three aurichalcite 
mineral samples are shown in Fig. 8. A single symmetric band is observed for the 
Durango aurichalcite at 3338 cm-1 which may be compared with the value of 3348 
cm-1 for Arizona aurichalcite and 3355 cm-1 for the Chihuahua aurichalcite. A 
comparison can be made with rosasite where two distinct bands are observed at 3387 
and 3319 cm-1. The bands are assigned to the OH stretching vibration. Bouchard and 
Smith (2003) reported a noticeably broad band in the Raman spectrum of aurichalcite 
at 3331 cm-1. This value is in good agreement with the results reported in this work. In 
the infrared spectra, more complexity is observed (Fig. 9).   Infrared bands for the 
Durango aurichalcite are observed at 3491, 3350, 3244 and a broad band at 3173 cm-1. 
The infrared spectrum of the sample from Chihuahua gave bands at 3359, 3249 and 
3106 cm-1. The broad band at around 3163 cm-1 may be ascribed to adsorbed water. 
The first two bands are assigned to OH stretching vibrations.   
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The question can be asked as to why the bands in the hydroxyl stretching 
region occur in various positions for the different minerals. The reason is attributed to 
variation in hydrogen bond distances between the OH units and the oxygens of 
adjacent carbonate units.  If a Libowitzky type formula [44] is employed an estimate 
of the hydrogen bond distances can be made. The two IR band positions for the 
Chihuahua aurichalcite gives H-bond distances of 2.773 and 2.721 Å. A comparison of 
hydrogen bond distances may be made with either hydroxy carbonates such as 
rosasite and malachite.  Hydrogen bond distances vary for rosasite from 2.780 to 2.867 
Å.  These values are in harmoy with the values for malachite which are 2.8636 and 
2.8017 Å.  Further the hydrogen bond distances for pokrovskite are significantly 
longer with values between 2.83 and 3.280 Å.  It is concluded that the hydrogen bond 
distances for aurichalcite are shorter than for the other hydroxy-carbonates.  
 
A comparison with other minerals 
 
The spectra are composition dependent and additional bands may be ascribed 
to divalent cation content. The generic formula for aurichalcite is 
(Zn,Cu2+)5(CO3)2(OH)6. The ratio of Zn to Cu may vary between samples and some 
Zn may be replaced by Ca and other cations. The composition of the aurichalcite from 
mapimi, Duarango, Mexico is 20.8% CuO, 53.2% ZnO, 16.1% CO2, 9.9% H2O [6]. 
This leads to a formula of Zn3.6Cu1.4(CO3)2(OH)6. Another analysis of aurichalcite 
from Salida, Chaffee Co., Colorado, USA gave a formula of Zn3.75Cu1.25(CO3)2(OH)6.  
Variation in the ZnO content varies from 55.8 to 44.8 % by weight whilst CuO varies 
from 18.2 to 14.5 %. Further minor amounts of other cations may influence the 
spectra. Studies by Charnock et al. (2006) have shown using EXAFS techniques that 
only divalent cations are in the crystal structure of aurichalcite and that the Cu may 
take up more than one position in that structure. The Cu: Zn ratio may vary between 
1:3 to 1:1.5. Charnock et al. have shown using EXAFS that the copper atoms 
preferentially enter the Jahn-Teller elongated, octahedral (M2) and trigonal 
bipyramidal (M4) sites, with the zinc atoms entering the more regular octahedral (M1) 
and tetrahedral (M3) site. Furthermore, substantial solid solution towards the zinc rich 
region is facilitated by the substitution of copper by zinc on the M2 and M4 sites [43]. 
 
Conclusions  
 
Raman spectroscopy complimented with infrared data, X-ray diffraction, 
electron microscopy and EDAX have been used to characterise the structure and 
chemical composition of the mineral aurichalcite.  The spectra are corelated with the 
structure of the mineral. Compositional variation for aurichalcite is observed for 
minerals of different origin. This compositional variation affects the Raman spectral 
profile. A similar cation subsitution reliance is observed for the hydroxyl stretching 
vibrational modes.  This is related to the hydrogen bond distances of the OH units and 
the adjacent carbonate units in the aurichalcite structure.  
 
The XRD patterns of all three samples (but more so for the specimens from 
Durango and Chihuahua) indicate high orientation and contain some expected 
impurities such as rosasite and hydrozincite but never the less match the standard 
reference patterns.   SEM analysis of the non-mechanochemically actiavted sample 
confirms the XRD orientation of the ground sample findings as images show highly 
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crystalline and ordered structures in the form of micron long fibres and plates.  EDAX 
analysis indicates vast differences in metal ion chemical composition (Cu/Zn ratios) 
ranging from 1/1.06 to 1:/2.87.  
 
The question arsies as to why there are similar Raman spectral patterns for 
aurichalcite as compared with other hydroxy carbonate minerals such as zincite and 
members of the rosasite mineral group.  The answer must infer that the minerals must 
have the same structure or at least related structures. Aurichalcite is monoclinic as is 
malachite with point group 2/m.  The rosasite mineral group has spectra similar to that 
of malcachite. Therefore it can be suggested that the structure of the rosasite group of 
minerals is monoclinic, although at this point in time remains unproven.  This 
conclusion is in agreement with the assumptions of Anthony et al. (2003) who state 
that rosasite and related minerals have monoclinic structure by analogy with 
malachite.  
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Aurichalcite  
(Chihuahua, Mexico) 
Aurichalcite  
(Arizona, USA) 
Aurichalcite  
(Durango, Mexico) 
 
Centre FWHM % Area Centre FWHM % Area Centre FWHM % Area 
Suggested 
assignment 
3355 148.7 20.41 3348 139.5 16.33 3338 166.8 22.67 
OH stretching 
vibration 
1683 26.1 0.63 1683 28.8 0.61 1680 36.5 0.62  
1511 24.0 2.97 1506 22.7 3.29 1506 23.9 3.21 
1485 22.0 2.27 1485 18.6 2.50 1485 21.2 2.15 
1377 12.8 0.15       1382 46.3 0.65 
1335 25.4 1.11 1337 22.8 1.10 1337 23.8 0.95 
ν3 (CO3)2- 
            1231 4.6 0.15  
            1227 2.6 0.03  
1165 47.3 0.89 1171 42.9 1.18 1170 60.5 1.20  
1072 7.2 5.94 1071 6.6 13.24 1071 6.7 5.23 
1060 19.6 9.26 1065 13.9 5.31 1060 17.8 8.42 
            1020 23.8 1.36 
1012 31.3 0.94 1011 45.9 3.78       
ν1 (CO3)2- 
981 38.8 1.28 982 33.4 1.73 988 54.7 4.40  
927 54.5 0.92 929 35.9 0.47        
                
849 78.6 2.94 860 57.9 2.57 855 66.8 2.61 ν2 (CO3)2- 
753 8.9 0.40 748 33.5 1.81 752 9.0 0.73 
733 24.6 6.30 733 18.0 5.34 737 19.4 4.95 
711 9.6 0.70 710 9.6 1.71 708 11.5 1.37  
703 7.3 0.29             
ν4 (CO3)2- 
      533 32.0 0.48 540 15.5 0.27  
524 53.2 1.47              
            515 20.8 0.79  
498 32.8 2.72 499 27.0 2.35 499 26.7 2.68 
460 23.2 2.50 460 19.2 2.51 463 19.0 4.27 
430 27.8 1.73 428 25.9 0.87 432 19.5 1.79 
ν1 (CuO) 
388 21.2 4.29 390 17.7 4.45 392 16.5 5.84 
369 27.3 0.77 370 30.8 0.66 372 29.4 0.86 
351 12.9 0.49 352 15.1 0.84 353 14.2 1.08 
      328 19.3 2.38 328 18.7 1.91 
313 75.2 9.72 310 31.6 3.10 312 35.1 2.39 
ν1 (ZnO) 
278 19.2 0.50 283 36.1 2.70 282 36.0 1.82  
252 30.2 1.58              
232 20.7 1.98 238 25.4 1.12 240 28.0 1.82  
      229 13.8 0.82 227 13.2 0.98  
207 24.6 2.23 209 17.3 3.48 207 19.1 2.09  
185 14.2 1.39 185 18.3 1.34 189 12.1 0.69  
177 8.9 1.45 178 7.0 0.61 176 11.2 1.29  
166 13.6 5.39 167 10.7 6.18 166 12.3 3.68  
155 7.8 0.40 159 17.7 1.38 155 15.3 1.36  
142 13.5 3.44 141 9.1 3.27 139 9.7 2.74 
ν2 (CuO)/ 
 ν2 (ZnO) 
            128 8.8 0.18  
118 17.2 0.38 119 12.2 0.37 119 8.8 0.61  
108 7.3 0.15 108 8.7 0.12 108 7.6 0.15  
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